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ABSTRACT: The aim of this study was to investigate the hard decorative anodizing components of A357 aluminium 
alloy, obtained in semisolid state by Sub Liquidus Casting® process, to improve its tribological properties and 
corrosion resistance.  
Components were heat treated in order to modify the shape and distribution of the eutectic silicon phase. The influence 
of shot peening pre-treatment on anodizing process was evaluated. Surface modifications were investigated as they 
might have beneficial effects on the wear and corrosion behaviour. Furthermore, the influence of surface condition on 
the anodization colouring behaviour of aluminium was studied. 
The microstructure and the surface finish influence on the anodic oxide film growth were studied by optical and 
scanning electron microscopy. Experiments using a tribometer (ball on disc configuration) were performed in order to 
evaluate the tribological properties of the material. Salt spray corrosion tests were used to study the corrosion properties 
before and after the anodizing process. 
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1 INTRODUCTION  
Sub-Liquidus Casting® (SLC) is a semisolid casting 
method which offers better overall quality than 
conventional casting methods: less porosity, less 
contraction and the possibility of applying heat 
treatments. Furthermore, heat-treated components 
obtained by an SLC process can be anodized to increase 
their corrosion resistance [1]. This process uses a small, 
compact machine shown in Figure 1. 
 
Figure 1: 400 ton THT press machine 
 
THT machines have a vertical shot and horizontal die 
parting configuration. The THT machines are capable of 
considerably larger shots than conventional machines of 
higher tonnage and employ a large diameter and short 
shot approach. 
 
2 EXPERIMENTAL PROCEDURE 
Aluminium oxide film was obtained from the A357 T4 
substrates. The chemical composition of this alloy is 
shown in Table 1. Anodizing was carried out in a 
solution of 1 % H2SO4 at a current density of 1A/dm2 for 
50 min at about 3 ºC. Anodized aluminium samples were 
sealed in boiling water for 15 min to 20 min [2]. The 
influence of shot peening pre-treatment on anodizing 
process was evaluated.  
 
Table 1: Chemical composition of the A357, % in 
weigth. 
 
Al Si Mg Cu Fe Sr 
Balance 6,769 0,481 0,001 0,143 0,002 
Ti Mn Zr Zn Sn Ni 
0,123 0,006 0,001 <0,001 0,002 <0,001 
 
The A357 samples (Figure 2) were submitted at T4 heat 
treatment. T4 is a solution heat-treated and naturally 
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aged to a substantially stable condition. The samples 
were subjected to 5 hours of a solubilisation temperature 
of 515ºC. 
The T4 heat treatment was carried out using a Hobersal 
HCV-125 forced air circulation oven with controlled 
cooling and a precision of ±1 ºC.  
After T4 heat treatment the samples were surface treated 
by shot peening process, two samples with glass balls of 
diameter between 45 m to 49 m and the other two 
with steel balls with 400 m of diameter.  
 
 
 
Figure 2: A357 component 
 
Table 2 shows the shot peening parameters and the ball 
diameter of the studied samples. 
 
The sample 1 was A357 as cast. The sample 2 was 
A357-T4 alloy shot peened using steel balls of 400 m. 
The sample 3 was the same than 2 but anodized. The 
sample 4 was A357-T4 alloy shot peened using glass 
balls of 45 m to 49 m. The sample 5 was the same 
than 4 but anodized. 
Table 2: Shot peening parameters 
Sample  Anodized Shot peening parameters 
Ball material Ball diameter 
/m 
Sample 1 No - - 
Sample 2 No Stainless 
Steel 
400 
Sample 3 Yes Stainless 
Steel 
400 
Sample 4 No Glass 45 to 49 
Sample 5 Yes Glass 45 to 49 
 
Leica MEF4M optical microscope and a JEOL JSM-
5600 scanning electron microscope (SEM), equipped 
with an ISIS L300 Oxford system to perform energy 
dispersive X-ray analysis, were used to perform 
morphological observations. The specimens were 
polished down to grade P4000 with carbide-silicon paper 
and then with 0.3μm alumina suspension [3]. 
 
Corrosion tests were carried out by AASS test of 50±5 
g/l NaCl solution and 84 ml of CH3COOH, 25±2 ºC 
temperature and pH between 3.0 and 3.1 according to 
UNE EN ISO 9227:2007. In order to evaluate corrosion 
resistance of oxide layer, the samples were pickled with 
30% HNO3 solution according to UNE-EN 12373-19 
[4]. 
 
Ball-on-disc tests (CSEM Tribometer) were performed 
in order to determine the friction coefficient and the 
specific wear rate. The ball-on-disc test were performed 
at 0.1 m/s using 6 mm diameter WC-6Co ball, without 
lubrication, with a load of 5N. The test was performed at 
room temperature. When testing was completed, the 
wear volume and specific wear rate (SWR) were 
evaluated by measuring the cross-sectional area of the 
wear tracks using a rugosimeter perfilometer. The 
friction coefficient was plotted as a function of the 
number of laps in the test, according to ASTM G99-05 
wear testing standard. 
 
3 RESULTS AND DISCUSSION 
3.1 OPTICAL AND ELECTRON MICROSCOPY 
 
The micrographs in Figure 3 shows the microstructures 
obtained in as-cast and T4 condition. The eutectic silicon 
can be seen to coarsen considerably in T4 condition to 
the structure of the as-cast material (Figure 3 a)). 
 
 
Figure 3: microstructure of a) A357 as-cast, b) A357-T4. 
3.2 CORROSION TEST 
 
Figures 4 a) and 5 a) show that the preferential type of 
attack on sample 3 and 5 is intergranular. Intergranular 
corrosion of Al-Si alloys is related to a preferential 
dissolution of α-phase [5], where exists a Mg 
microsegregation due to heat treatment. Figures 4 b) and 
5 b) show a magnification of the corrosion process of 
samples 3 and 5. The preferential attack of chlorine ions, 
following {100} planes on aluminium, displaying a 
spectacular corrosion in cubic shape [6]. Figures 4 b) and 
5 b) exhibit a pit originated by a cathodic behaviour of 
needle shape eutectic-Si. 
 
 
 
Figure 4: Sample 5: a) corrosion process b) 
magnification of the corrosion process. 
 
a) b) 
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Figure 5: Sample 3: a) corrosion process b) 
magnification of the corrosion process. 
 
The results of the corrosion test are described in Figure 
6. The corrosion resistance of the anodized sample 5 
alloy was close to that of sample 3. The corrosion 
resistance of the sample 1 was bigger than sample 2. The 
samples 3 and 5 show a smaller depth pitting than the 
samples 1 and 4.   
The sample 4, due the shot peening process, had a more 
reactive surface for this reason the corrosion started 
before and in more quantity. 
Not colour differences were observed in the anodizing 
samples. This shot peening process didn’t affect in the 
coloration of the anodized samples.  
 
  
Sample 1, 168h Sample 4, 66h 
 
Sample 3, 618h Sample 5, 618h 
 
Figure 6: Hours in AASS. 
 
This alloy obtained by die casting was a corrosion 
resistance of 120h. 
 
3.3 METALLOGRAPHIC STUDY OF ANODIC 
FILM 
The anodized layer formed on the sample 5 displayed a 
heterogeneous thickness of around 6.4±0,2 μm (Figure 
7). Oxide film formed on the sample 3 displayed a more 
heterogeneous thickness of around 11.8±2.0 μm (Figure 
8).. 
 
Figure 7: Growth of anodic layer in sample 5. 
The micrograph reveals the effect of the eutectic silicon 
particles on the film’s microstructure. The eutectic 
silicon breaks the continuity of the anodized oxide film. 
 
Figure 8: Growth of anodic layer in sample 3. 
Obviously, shape and distribution of eutectic silicon 
affect oxide layer growth. When the oxide front 
encounters a Si particle, current distribution changes in 
favour of the less resistive adjacent aluminium matrix. 
As a consequence, the oxide layer grows around the 
particle until it is completely entrapped in the layer. The 
effect is a non-uniform thickness of the oxide that was 
observed for the entire corresponding eutectic structure 
[2]. 
The distance between particles in an eutectic structure 
will also influence the quality of the oxide layer, due to 
possible overlapping of particles zone of influence (the 
oxide area affected around the particles) [3]. 
 
 
3.4 ROUGHNESS AND TRIBOLOGICAL 
PROPERTIES 
 
Results of friction tests, at 0.10 m·s-1 and 5N of load, are 
presented in figure 9. It is obvious that T4 heat treatment 
and anodizing process have significant effect on the 
friction coefficient value for the applied velocity range 
[5]. The best result was obtained for sample 3. The effect 
of the thickness was observed at the graphic of the 
Figure 9 in the samples 3 and 5. 
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Figure 9: Coefficient of friction vs. cicles for 5N and 
v=0.1ms-1. 
Sample 3 oxide layer breaks abruptly for first 17000 laps 
and the sample 5 breaks at 7000 laps in dry conditions 
(Figure 10). This can be related with the amount of oxide 
holes and cracks present in samples 3 and 5 (figures 10 
and 11). 
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The specific wear rate of sample 1 is significantly higher 
than the other samples.  
 
Table 3 shows the tribological properties of the studied 
materials, obtained by the pin on disk technique. In the 
anodized material the friction coefficient value increase 
with test duration, due to wear or the brake down of the 
anodized layer, until reaching the values corresponding 
to the substrate. 
Table 3: Tribological properties 
Vel. Sample Ra Friction 
Coeff. 
Specific Wear 
rate 
/m·s-1   mm   x10-13 m3(m.N)-1  
0.1 Sample 1 0.3 0.40 5.30 
0.1 Sample 2  5.29 0.40 5.58 
0.1 Sample 3  5.03 0.27 1.28 
0.1 Sample 4 2.18 0.46 4.14 
0.1 Sample 5  2.39 0.27 0.60 
 
With the shot peening and the anodizing A357-T4 
aluminium alloy increases roughness.  
 
The observed microstructual differences and the 
measured surface roughness values give a hypothesis for 
the notable differences in the wear properties of anodic 
oxide layers formed on anodized samples. The average 
of the roughness value Ra were around 5 m for samples 
shot peened with steel balls and around 2 m for samples 
shot peened with glass balls. Therefore in that condition, 
adhesive wear is identified as the predominant operative 
mechanism. Previously the presence of Si particles 
embedded in the anodic oxide layer had been related to a 
lower friction coefficient value [4]. In that case, it could 
be associated with the Si particles in samples 2 to 5. 
 
 
 
Figure 10: A SEM micrograph showing the worm 
surface of sample 5 v= 0.05 m·s-1. 
 
As it can be observed in table 3, anodizing the samples 
had a beneficial effect in decreasing the wear rate. The 
presence of the anodized layer would clearly be expected 
to have an immediate effect on the wear process, because 
the anodized layer would severely prevent the 
adhesion/welding mechanism and the transfer of debris 
flakes from the material to the counterface. The anodic 
layer limits the detachment of the silicon particles during 
the wear process, and consequently, avoids the 
production of “third body” hard particles on the wear 
track that could introduce and additional abrasive wear 
mechanism which could considerably influence the final 
wear rate of the material. 
 
 
 
Figure 11: A SEM micrograph showing the worm 
surface of sample 3 v= 0.05 m·s-1. 
  
4 CONCLUSIONS 
The shot peening didn’t affect in the coloration of the 
anodizing.  
All samples exhibit intergranular corrosion due to a 
preferential interdendritic dissolution of α-phase. 
Silicon particles present in A357 aluminium alloy 
prepared by Sub-Liquidus Casting are responsible for 
heterogeneous thickness, cracks and voids present in 
sample anodized oxide layer.  
Anodized aluminium alloy in T4 condition achieves a 
significant reduction in friction coefficient values and 
improves the material wear resistance. 
The best anodizing thickness, tribological properties and 
corrosion behavior was obtained with A357-T4 shot 
peened with steel balls. 
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